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Case 600-2 

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

It i s  a n t i c i p a t e d  t h a t  some A A P  m i s s i o n s  w i l l  f l y  on 
o r b i t a l  p l a n e s  which w i l l  have i n c l i n a t i o n  a n g l e s  o f  a p p r o x i -  
m a t e l y  4 8 O  t o  t h e  E a r t h ' s  e q u a t o r i a l  p l a n e .  The e f f ' e c t s  o f  
t h e s e  h i g h  i n c l i n a t i o n s  on the  cove rage  p r o v i d e d  by t h e  MSFN 
d u r i n g  t h e  l aunch  p h a s e w e r e s t u d i e d  and t h e  r e s u l t s  a re  summar- 
i z e d  i n  t h i s  memorandum. T h i s  p l a n e  i n c l i n a t i o n  i s  o u t s i d e  o f  
t h e  r ange  o f  i n c l i n a t i o n s  used or p lanned  f o r  Apol lo  m i s s i o n s  
(28.4O t o  32.2') and i s  r e l a t e d  t o  a l a u n c h  az imuth  o f  4 6 O .  

P rocedure  

S i n c e  t h e  s u b v e h i c l e  t r a c k  o f  such  a l a u n c h  (see 
F i g u r e  3 )  would be  s i g n i f i c a n t l y  f a r t h e r  n o r t h  t h a n  f o r m e r l y  
c o n s i d e r e d ,  new l o c a t i o n s  f o r  USB t r a c k i n g  f a c i l i t i e s  on l a n d  
and a t  sea were examined. Table  I l i s t s  a l l  t h e  l o c a t i o n s  
examined i n  t h i s  s t u d y .  They i n c l u d e  f i v e  s h i p  l o c a t i o n s ;  u sed  
t o  de t e rmine  a p p r o x i m a t e l y  where t h e  b e t t e r  l o c a t i o n s  a1.e f o r  
i n s e r t i o n  cove rage ,  and i n  c o n j u n c t i o n  w i t h  l a n d  s t a t i o n s  where 
t h e  b e t t e r  p o s i t i o n s  a r e  d u r i n g  l a u n c h .  S i x  l a n d  l o c a t i o n s  were 
c c n s i d e r e d ,  three e x l 5 t f n g  stations that would p r o v i d e  cove rage  
f o r  t h e  p r e s c r i b e d  l a u n c h ,  namely, MIL, GBM, BDA and t h r e e  l a n d  
l o c a t i o n s  where i t  might  be n e c e s s a r y  t o  l o c a t e  a USB t r a c k i r , g  
c a p a b i l i t y  i n  o r d e r  t o  p r o v i d e  c o n t i n u o u s  c o v e r a g e  d u r i n g  l a u n c h  
as  an  a l t e r n a t i v e  or a supplement t o  s h i p s .  

A l aunch  t r a j e c t o r y  w i t h  an  i n c l i n a t i o n  a n g l e  of  48O f o r  
a f u l l y l o a d e d  u p r a t e d  S a t u r n  I was developed  b y  Department  2 0 1 1  
f o r  u s e  i n  t h i s  s t u d y .  (The c o n f i g u r a t i o n  f o r  a S a t u r n  V v e h i c l e  
was n o t  known a t  t h e  t i m e ) .  T r a j e c t o r y  p o i n t s  i n  r e l a t i o n  t o  
t i m e  ( a p p r o x i m a t e l y  e v e r y  twenty  s e c o n d s ) ,  l a t i t u d e  and l o n g i t u d e  
o f  s u b v e h i c l e  p o i n t ,  r a d i u s  v e c t o r ,  roll a n g l e ,  and a n  i n e r t i a l  
az imuth  were used  as i n p u t s  t o  t h e  Track I1 computer  program 
which i n  t u r n  p r o v i d e d  t h e  c o v e r a g e ,  l ook  a n g l e ,  and e l e v a t i o n  
a n g l e  i n f o r m a t i o n  d e s i r e d  to d e t e r m i n e  t h e  q u a n t i t y  and someth ing  
o f  t h e  q u a l i t y  of t h e  l i n e - o f - s i g h t  cove rage  of t h e  s t a t i o n s  
ment ioned  above.  
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ABSTRACT 

The e f f e c t s  on cove rage  p r o v i d e d  by t h e  MSFN f o r  a 

h i g h  i n c l i n a t i o n  l a u n c h  ( l a u n c h  az imuth  o f  46O) f o r  a n  u p r a t e d  

S a t u r n  I were s t u d i e d  and t h e  r e s u l t s  a r e  p r e s e n t e d  i n  t h i s  

memorandum. It was de te rmined  t h a t  c o n t i n u o u s  t r a c k i n g  cove rage  

above a 5' e l e v a t i o n  a n g l e  i s  p o s s i b l e  f o r  a 46" l a u n c h  az imuth  

a t  an i n s e r t i o n  a l t i t u d e  of 81 nm by u s i n g  e x i s t i n g  t r a c k i n g  

f a c i l i t i e s .  

. * .  
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Two s e p a r a t e  l aunch  p r o f i l e s  were u s e d ,  one f o r  a n  
i n s e r t i o n  a l t i t u d e  of 1 2 5  nm and t h e  second f o r  an  a l t i t u d e  o f  
8 1  nm which was f e l t  t o  be t h e  minimum. 
t o  b e  s u f f i c i e n t  a t  t h e  minimum a l t i t u d e ,  t h e n  a l l  o t h e r  c a s e s  
o f  h i g h e r  a l t i t u d e  would have b e t t e r  c o v e r a g e .  A 5 O  e l e v a t i o n  
a n g l e ,  and a 10' l o o k  a n g l e  ( f rom v e h i c l e  r o l l  ax i s lwe t re  con- 
s i d e r e d  minimum f o r  good t r a c k i n g  c o v e r a g e .  A l o o  keyho le  i n  
t h e  North-South d i r e c t i o n  was t a k e n  i n t o  accoun t  f o r  l a n d  s t a -  
t i o n s .  S h i p s  would have a s i m i l a r  s i z e  keyho le  d i r e c t l y  o v e r -  
head ,  b u t  t h e y  cou ld  be s t a t i o n e d  o f f  t h e  v e h i c l e ' s  s u b o r b i t a l  
t r a c k  and hence  e l i m i n a t e  any i n t e r r u p t i o n  i n  cove rage .  

R e s u l t s  

I f  cove rage  were found 

The p e r t i n e n t  r e s u l t s  a re  shown g r a p h i c a l l y  i n  
F i g u r e s  1 and 2 f o r  t h e  i n s e r t i o n  a l t i t u d e s  o f  125  nm and 81 nm. 
S i n c e  t h e  l a t t e r  i s  t h e  c r i t i c a l  c a s e ,  i t  w i l l  b e  d i s c u s s e d  i n  
more d e t a i l  h e r e .  I n  g e n e r a l ,  t h e  l o o k  a n g l e s  between t h e  two 
f i g u r e s  do n o t  change s i g n i f i c a n t l y  a l t h o u g h  t h e  5' e l e v a t i o n  
p o i n t s  do change n o t i c e a b l y  a f t e r  2 0 0  seconds .  I n  o r d e r  t o  a v o i d  
c l u t t e r ,  n o t  a l l  t h e  s h i p  p o s i t i o n s  f o r  which data  was c a l c u l a t e d  
a re  p l o t t e d ;  8 - e p r e s e n t a t i v e  sample f o r  an  i n s e r t i o n  s h i p  and 
one l o c a t e d  c l o s e r  t o  t h e  l aunch  p o i n t  which would f i l l  a p o s s i b l e  
cove rage  gap a r e  shown. These s h i p  p o s i t i o n s  were not o p t i m i z e d ,  
b u t  i t  i s  a p p a r e n t  t h a t  i n  c o n j u n c t i o n  w i t h  cove rage  from Ber- 
muda, a s h i p  cou ld  be l o c a t e d  such  as s h i p  #5 t h a t  would p r o v i d e  
o v e r l a p p i n g  coverage  above a 5' e l e v a t i o n  a n g l e  w i t h  more t h a n  
a d e q u a t e  look  a n g l e s  and ye t  s t i l l  b e  a b l e  t o  p r o v i d e  t h r e e  
m i n u t e s  o f  t r a c k i n g  coverage  a f t e r  i n s e r t i o n .  The amount of 
cove rage  a t  8 1  nm f o r  a n e a r  overhead  r)=l?g i ~ r ~ u l c ?  apcrszn,h f'T-;c 
m i n u t e s .  Sh ip  #5 i n  F i g u r e  2 i n d i c a t e s  70 seconds  of  cove rage  
b e f o r e  i n s e r t i o n ,  l e a v i n g  a b a l a n c e  o f  o v e r  t h r e e  m i n u t e s  f o r  
communications a f t e r  i n s e r t i o n .  

- A  second s h i p  t h a t  c o u l d  be dep loyed ,  i f  a v a i l a b l e ,  
( S h i p  # 4  i n  t h i s  s t u d y )  between Cape Kennedy and Bermuda i f  
cove rage  from Grand Bahama were n o t  a v a i l a b l e  and no o t h e r  l a n d  
s t a t i o n  was developed  f o r  USB t r a c k i n g .  T h i s  s h i p  l o c a t i o n  
would p i c k  up t h e  v e h i c l e  a t  5' e l e v a t i o n  w h i l e  t h e  l o o k  a n g l e s  
from MIL were s t i l l  above t h e  minimum o f  10' and pass t r a c k i n g  
r e s p o n s i b i l i t y  to BDA b e f o r e  i t s  own l o o k  a n g l e s  become p r o h i b i -  
t i v e .  A USB t r a c k i n g  s t a t i o n  l o c a t e d  a t  J a c k s o n v i l l e  would do  
e s s e n t i a l l y  t h e  same t h i n g .  T r a c k i n g  s i t e s  a t  Wallops or 
Goddard would n o t  a c q u i r e  t h e  v e h i c l e  a t  5 O  e l e v a t i o n  ( 2 5 0  s e c . + )  
a n g l e s  b e f o r e  Cape Kennedy's l o o k  a n g l e s  became m a r g i n a l  (150  s e c . ) .  
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Conclusions 

Continuous tracking coverage of an uprated Saturn I 
above a 5" elevation angle is possible for a 48O inclination 
launch trajectory at an insertion altitude of 81 nm by using 
existing tracking facilities; namely - MIL, G B M ,  BDA and one 
ship positioned at 41° N and 600 W. 

A second ship could be positioned between MIL and 
BDA that would obviate the requirement for communications 
coverage at GBM. 

2034-JPM-ew 

At t a c hmen t s 

/ I  

J. P. Malo$ . .  
./ 
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TABLE I 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a .  
9. 

10. 

11. 

STATION 

STATION LOCATIONS 

LATITUDE' 

Cape Kennedy (MIL) 

Jacksonville 

Grand Bahama Island (GBM) 

Bermuda (BDA) 

Wallops 

Goddard 

Ship Position #1 

Ship Position #2 

Ship Position #3 

Ship Position #4 

Ship Position # 5  

28.5083 

30.3667 

26.6258 

32 3475 

37.8561 

38.9792 

38.5364 

36.7393 
40.0000 

30.8500 

41.0000 

LONGITUDEo 

279.3067 

278.3667 

281.6521 

295.3464 

284.4883 

283.1427 

294 3751 

291.0464 

298.0000 

282.1200 

300.0000 
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